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CCraXXTPmy HEAOMJaG A JXimRBflNEMJ OIL SHMS 
CKfcI=\'n3 PEPMEWBILITY AND SSlfiSECU»faV ITOTCCB OIL 

Ihis i.TiveiXtian r<3la±eiS to raarwRring oil ficcn a SubtJatranean 
oil abalii by mwiffl of a (xi^tiw heat drive pmocwjaj, ^toJre 
iwticularly, the inv«nt.ian rolates to ttGatirig a relattwiy thi.ck^ 
ard gubstantiAlly coftplfirtaly inptsimedble subtc£rr«ician oU tjhaia by 
jiTGatifi Of? 5. con^ictive hoating gsoconMii which botn estates a 
perraaabla zorm within a selectiod portico of the oil sthsae aju^ 
guh99£jueaiitly ptoducwa shale oil Ixydrocarbcma, 

A p*?rn»abm£y-aid3d type trf cnncSuctive heat drlw fbr 
prcyJuciJTij oil froa n salc^jsrrtjman tail ghal^ iiwented in sweeten 
1^' F.LjUR^ffitjnuBn. That prKXTW^r which WCia inx-entad abnot yearg 
ago* was comiorcially no&i an a girnil scale in i±A lasOs, it ia 
dfi!»3ci:ihacS in Swedish Pat^ttfi Noa. 121,737> 123*136j 123,137; 
t23,X3a7 125,712 and 126,674, in Uhited Btatmm Pateot bb- 
2,732,195, and in joimiaX artlolcs such ui "ant^©rgra^l^^ S1»l© Oil 
P>'rolyaia Aco&rdlng to the UyjDqstrom Jfetiiod*, IVA Vfolune ;>4 
(1953) Ko, 3, pft^ axfl tcj 123, and "Net Jtoargy itocovorifittt For 'Tha 
In Sita nifil«ctric He«tlng of oU Shale", Oil Shales Sjiiposium 
Pxoojodliigfi 11, paqj. 311 to 330 (1978). Itt the SA^dinh prooaBft, 
l-aat infection walls and fluid prxHjucxng vrells wsce oan«>lftted 
within a penreahle nfteun-surfaca oil ahala fonn^tion so that fJ^ero 
was 1^ than d threa-cnetra seforaUca botsgean the bcarehDlea* vt\» 
Jiaat irdection wells ware cqulsjsai witb el©ctx-\cal or othsr haatlug 
olxximitA u^iich MBttt aurxDondwi by a jcemv of matiK'ial, aah ob sand 
or aacnant, arranged to transmit >ttat into tba oil ijhiOe \?hllB 
pacevearttbsg any iuflcmncy or outflowiiig ol fluid. In tha oil ehala 
fox vhich tita Sho^ish iteocsws ^gos deaignad «id tested, tto 
paftrneabiJity was such that, di» to a nrvitingoqa inf Icwtng of cjround 
Witar, A cantinuoua poipin^-oat of watar was oadd^i to ewoid 
waiting energy' by evaporating that water. 

With jxmpK^ tn .aubitBPtUlly ocxipletoly ii^xmrttabla, 
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r».ia-tively .-ind ).-eUU.vc2y thhzk oil cJiaie cteponit!!, aicfa ^ 
tiicsfl vn the Piceance Iiaflia ia ttj« U^itei .st^Ito«, tha poainMlity 
u£ otLlizjng a ooiidut-'tlvH rwatxug iiixx>a»» inr protSuclxxj oil was 
prE^vic^iaiY ooiiaicleirLM to be - aooatdbtg to pr.lor tc.v:hir^ and 
beliefs — A-3r7ncaacaUj» urjfeamhle. Fbr exaiplft, in tte 
atwQ-idontified Oil ShAlo SyitipoBlum, the Ljun*7iifcrc«n iirocoas is 

oil by Rcnfcedding tubular e.lecijfjUxii heisctizig elanmta within 
higli^-axife ahale dqpooita. This TCthcd rtiliad ooi ordinary tlifinral 
diffuclof) Jlor ahal« bodtijig, which, o« oouiaa, raqnaxes Lat'iju 
terparatAirQ graaw-i. •fiiua, hcatiug vwy lUM-unifnTro? nonthc 
w^ra i^TAirea to ftiliy ^twrc- small itTcx^-ijiz^ blocks of Ahale. 
Al3o, itiicii i>aat a^ergy was woatRd .in undcrrinioting tTia chala xeginn« 
Ir^onrl tha paidphery of ttio xnartcirt^pg zone mad ov^hn^i.-iiig tJic 
Klialu closest to t>w neat sourest. Tha latter lorcfclom i« e^pecialLy 
ijipDrtant in the oetaa of OiaIhs, aiw therm! «rai-xiy i.a 

cwerhUDrted 2ana«, ORtmot b» fully rcccprorfid by diffu-ri.on duo to 
cwdotharntLs rEactioofl whid^ taka place abovo abyjt SOO 'C* fpcKya 
313) . 

In fliab^taDtially in^meable typ*a of t^lativcly thlcfc 
aiJAarraneao oil rfialfi fcxmati^, tba croiriuj^ artd roaintmning of 
a pcmcnbifl ibone ii^jxwgn which ttia pyrolyais producta cw> be f lowod 
Iia5» been found to ba a severe ptobXanu In uft yatcnt Kb/ 3,46^,376, 
it is atHterf (in colli, 1 and 2) that "Thena ar« two JttciwnisitB 
involved ill the transfcrt of i»at tJrcougli tha oil ahaie. Heat is 
trai^ferrod thitsugh the solid cmca of ail phaie by ct»ductian. 'i^^, 
boat ia aiao tranaferrod by oanvoctdon flxrough -th« aolid was9 of 
oil Bhale. -SJ^e tran^iBr of hwit by oonAictian is a relatively aaow 
proottiisi. Tha oraraga thermal ocroJactirvtty and dv^zage tbenwa 
difftwivity of oU afaaitt are aJMOt thoM of a tixtiirir^^ Tha ni^x 
of (nljd oil ahalc haa to «Ktr«iBly low taanmeblUty ranch Ute 
uoglutad ptroOairu As a r&«ult, tha coovcctiv*i trm±ez of heat ic 
LbnitAd to hnitiD9 ty fluid fW ctecaincd iu channels whic^ 
tra\<crfia tha oil rt«l«, TbeM flow channels nay ba natural and 
artiflciaUy iuducKl fractuinM, Gn hasting, a layer of 
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pyrolyz«d oil sbaJ« buiWfl adj««rt tte cbar«el. Tlda lay^ i.9 
i3»rg»nic ™u«r«l oBtri:. <xntod^ v,arj<,^ dogroes of c«rtoo. 

•i."he layer is an evcr-oxpatidir^ harrier to heat flew froii th» 
heating fluid in tte channal." pacmt is di™rted to a Earoce™ 
fcr drculAtiag iwatad oil ahola-pynpl.yiU,, fW thn«gh a fl«, 
chiton.] «hite ftiding abrasive particl«, to t]» eirwOating iluld to 
erode th« layer ol P3«t,iy^«t oil shal« hain, fonted adjareat to tlio 
chaitnol. 

AJttoK^i tfaa thwml conductivity anfl ttoami dif±i«gv.i*3r of 
™=y aubteirmoan oil ajaies are, i= f«±, roli*tiv«l> »i^.nar to 
ttoao of un9l««J porcelain «d fintoixd., IB Patent » 3,237,689 
FMtMlatos that »« rapid advanoa of a Jnat front- (Col, 3, lijia 7) 

bB <At«iJicd by Bxdianerlng haat l»b«en Ite oU 8hal« and a 
i«.c W ««ctQr oooUng f and d«anrd.bw syctaas for 3uch 
reactor- either Iccated on th- earth'a surfaw or In t]^ oU ahaa« 
depoadt. 

Patont Ifo. 3,284,281 <>ay» (at Cbl. 1, lines 3-21), "rhft 
pratocAion of oil tran oil Bhala, hy iwating tt» Ghal, by various 
mMJiB s,va\ as ... an «l«:trioad reniatance heater ... haa be«n 
atten5*8d «ith littlo aaccKm. . . . Piaoturing ol tl» shalo oil 
prior to ttM application of bnt ttereeo by ix> »ita aortwadaii or 
other means has baan practised vrltli littt- success tocDuiia tte 
atol« ««,U3 upon Doatinq with CQinequant partial or cxnoletfi 
olosuro oii the fractura*. Tha patent deacrites a pcncwm of 
aBquentially haatbig (and thus a*lli™,j tha oil ahola, than 
injaotio, avid to hydraulicaiiy fiaetara tha ^oiien sbal*. then 
rapBBitng tJioaa stepa vHrtU a hsat-Btahla Cractara hiws bsttia 
prppa^atad into a pcodix±doa wall, 

"S Patient Ho. 3,«5,383 dfiooribtt U« aoccHiuIatUB of 
partially depleted oU ihala txagpmts vdtbia « fto, daancl aich 
as a horiKinfc»l fraoturo hming h.ld qpen by ths pc»nc« of «» 
fluid vlthin tha ciwDol. 'Dw patent dlsclosos that if thj, chaimel 
roof is lirtod t» wlntaln a flow path abiTm such a lay«r of 
«BpJ<**d *»la. the wwlying rooanticaa imiat ha bent and, Kltfiqut 
pvsswitiona, will band to an octant eauain, fractures to ^^tend up 



to fhm <!!urfacc of tba ^xt^u Ttic patent lo dinscted to a prooe-*-, or 
irrttodttftriJy rocluciiiq the ptw^iurc on tha fluid vfltMn sucb 
fractuxe to aiiw tha wsight ci tii^ overtoartoi to oruan and oocnpact 
the layer of d^pOflft^ shale. 

Ta a si<;nificnnt |x>rt;ion <»f subetanfcialJy iinpcjcifiabla aiv3 
ccilfltivaly utudc oU afaal» OepctfJits, such aa tlwre in tha Picwjicc 
Basin, n vaiwatolfi neacuroa ot a-Tomjiiura is ptwwit in the loxw otf 
daawonita, in 05 Patent No. J, 359,975, dlrtected to reoovcacliig 
aiuinimum viLbte* from reteorted ail abaliHi ^ix:*v hzi«« baan mined out 
fxOT Buch cteiposltH, it i8 poijtted out tt^t. in a aibstantUi 
abiwine* of v«ter, at t^w^aeroturM of about UOO the daw«3nit« i!j 
convtirtfid to cr>'s»talliT» Aiadium aXurciJiato. Such a wat^frae 
letorting cftD dacxznpcwa dolaailtfi in gjiale. to produca carbon 
dioxide, calcitc, and inagnesixjBn oodxaa so that iMtgnxsaium axidto 
caifcdJMfl vitt) part of th« aiiican dioKida ii^ th» »i^c, iii a Aajmsr 
pomlttiug a higher rcoowry o£ tha aiuralniuna valuaa ijy a irtf*/^frpj 
pn»e«c. us Bettant Mo. 3,502,372, directed to ufcllticing aoltttioffi 
miiUTig to rtsocwar danwonitae, IndlcsatB* that Khare tha pyrolyaiii ig 
fif6ecbed an aqu&uufl flnlcl, sach an ateam or the prodsote of 
undat^ttTUDj ocRtuatloD, it imi«t be ccnductod At a lea* tea?)eraturis 
and tlnjs JcalativaXy aloifly, to avoid oonHHrtJUig tJu> dbsTOnita m6 
othai: soluble aluKdniun oaopoands to an ijwolabXe jmteriiii such aa 
amlfdtia. In US Patent »j. 3,572,838. a similar relatiwly low 
tea^^atmna pyrolyadB la altocdatad with injccUODfl o£ an aqusoua 
alkaline fluid oontadjojig an acid-lMoluhla chalatlng agwit to aid 
in lx}achLng (^araonite wltJtout fcH^rdug sueh liMoliiild materiala. 

•Chft picsacft lji\iaotian oalates to a procea foe ccmduetiflioly 
Jwtlng a aubterxaiiean oti ahals £cM3»tion in a muner arraa9ed tor 
prodwctng oil fxooi a ubtarrsmean oil ahalA fiwiratiGD ^^Jiich is, 
iriitiany, froJtwtaitt^ ijipenaNrtJle. In accordaooe ^th this 
iiwentica, the poctirtn of oU ahala deposit to be tzeateiS ie 
seiectuJ, on tha teela of tha variatLona vitJi d^>th in tha 
ccn^itiQfi an pccpMrtlee of it« ocqporenta, to hrc pccpsrtiea 
capable pt inta^aotinq in a leaaacr vtoich enhancea ths tmifbnnity of 
the heat froita to an axtwt liatitiog tha turm enexgy 
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««P»«dltur« pro^laclDfl tha oil to values equivalent to 1«„ than 

th. val«e ot tt>. on whlcti 1, prod«e«4. Tho ael«tioo of th. 

ttMt«-nt interval 1. b«Md th. g«d« oad thlok»,« o£ th. 

portion oc oil ehai. aepoBlt to b, tested and the enJiaoc-Mat it 

pro^ld.. an»o«nt» to r.-iuoUg tb« »««unt pC heat «i«r,v io«t do. to 

exoth.r«ic eiid« reaction, and lnct«..iofl th« 4»Mnt of oil 

recov«rtd fron a <yl»ttn ^cade of oil shsla. 

la accoriaooa with tJ,i, invention at i.ast wo valla ace 
«ompiaii«d Into a flttbtarranaao oil Bi,a).e treatnant interval whleh 

la aubataotially InpacneaJbla, ceatalna aubstaotially no aoblla 
watar, is at least about 30 n thick, la capable of daaflaing fluid 
at proe«»*.praaaure, at leaat «gb»t«ntlally within the traatihut 
inteiryal, &ad oonta-lof» » 9'«<1« and thlakneaa of oil auale auch 
that the average jtade In gallona of oil plua aqyivaleot par 
ton by riaoher Avaay la at leaac aboot 10 and tba product of tha 
9rada tla,e» tba thicltna,. m «etra« of the oil «hala la at lea.i 
about 900. 

ThuB, the preaont Invantion provldaa lo a proeesa io 
which on la ptoducad froB a aubtarreoean oil ahal. depoelt by 
axtendin« ,c least one eaeh of haat-lnjactlng and fluld-prodacing 
»f«UB Into tJia dapoatt. OfltabLlahlng a heat-eonductlve fluids 
iwpacniaabl. barriar b4t«aea tha intarior of heat-lajactlng 
veil and tha adjocant depoait, and than haatlng the intarior of 
aaeh haat- Injecting ^ell at a tanparatoie oafflelaat to 
coiidoctively haat oil ahale kerogan aad oauae pyrolyala produeta 
to fdt, fraoturaa within tba oil ahal. depoait through which tha 
l^yroly.ta pr*»dact. ata diaplaoad into at Uait one production 
an loprovenant far anbanclng tha unifonalty of tha beat 
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fvontM Mvi«g through th. oil sha,l4 dep„it. which =o«prj.„„ 

<Jetet«ioing v.rl.tloq, „nb dflptb tn the conpoiHtion aad 

prt3p«rtl«. o« tb« oil ahal* deposit; 
- con>pUtln, „id li««-i„,.ctio, <tnd f luid-pjoduclns w.iia 

selectively into a tre»t«.nt interval of oU ,Jxale In which 

the oil 5h.l. d.po.lt (.) 1, « least »boot 30 „ thick, (b) 
la Bvbfltantl.liy imp«t««,bl« v>a lr«e of Brtil. wtar, 

(fi) h^a « co«p«ltlo« and thlek««,» .«ch that th. product of 
Cho ave.sg, ri«h«r grad« tlM, th, thicko... of th» 

tr«tM*ot interval la .t lea« 5boat 900, and M) thereby 
oontalna conponant* capabl. of interaetiAg m a manner 
enhancing the unlioxipity «£ a front pf condutttivaXy 
tr»a.«ittad heat, tiith aald walla being arranged so that, 
at laatt «ub«t«ntially tbroufliout said tt.ataent intaxval, 
the »ell borehclea are auhatantlally parall.l and ara 
separated by aubataotlaliy equal dlstanaaa oC at least 
about 6 n; and 

- within the interior oi each haat-lnjactinp well «,aintaii.in9 
an average temperature which, selectively aionp said 
treatment intarval, la at laaat about S00°c, but ta not 
high enough t» than.eUy damage aquipnent within tha well, 
vfhile Uaat i. batng traaaaltted. away froa tha wall at a 
rate cot significantly faater than that peraltted by tha 
thermal ..ondMctivltiea of tha earth fori«*tloo. adjaeant to 
the tieatad interval within the wall. 

in a looatloQ m wblch a aubtarranaan oil ehala may 

contain portlans rtloh axe ganar.Uy «itabla for a.« aa a 
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tr#atn,nt lat«tv»l u« <i««orlbad Ahorr*) but at* ape to ba 
P«i«o«ted by «»b8t:«itioiiy dt«,o«n«t«<» Batttx.i Uacturee «n<l/or 

of wataesa „ b,mg io«fd w.r boi,n4arte» of th. 

Qll recovMjf pattern ana/ox »«.r 4 potentlaily actlv* aquit„. th« 
operation of th« pre .♦nr. pro«»«i> can advantageously bm combined 
with a U3> 01 -^.rd «»U," lodat.tf x„ax tb« p*rlph.ry of th. oil 
recovery pattam ax,d/ot bet^n n j^roduction aud an agutC.r, 

Soch guatd wells at. «taoa,4 at loact mh.tsuitialJy throughout 
tb* verticaj ext«nt ol th« tr.atatnt interval. ««d tb. a4jacent 
f oration, are initially he.ta d by thetiwl conduetio.* in a „annor 
similar to that e«pic.yed in tha haat-lAj,«tlna «oll», axo.pt that 
the guard w«ll« aro haat.d at tenperaturaa which ar* too low to 
ja.ify BlgnlCloant Pto|K,rtlon of the oil «fa«l« organic oonponenta 
but ara bigh .nough to causa a stwifitrant thersal expaaaioQ ot 
th« rooJi aatrix of the oil ahala dopooit. 

in soma inatanooa, it nmf hm deairablo to nalntaln .oeh 



relatively 1,^ tHupewxiTO guani wll hHstting tHrx7jghaut at; least a 
gub3t«aiUal portiou of tim ahalo oil riX^av^y prryzamm. Xn other 
inataiKCO, aftar .-ui initial r^UtXvcly lew t«i«»ratuHa haating of 
tha guaxrt m9U3> it ictty Ija odYantagegyfl to lisat guard (.t^ila ijt 
oJxjut tha twrperacur€ oclostcd iior the b9at-lnjectii3g w&llfi, ii, 
orcter to axjHnd the pattcacn of waJla from which oiJ ij? dispiacfcd by 
theomal ocffiduction. 

A9 used bctoin x^jgording rJi« gcade or the E»i±i£m of oil ghala 
to be treated, the "average grad> in gallora per tco fcy Pisct«r 
Asca/' rsfiara to th» followuigr TSift dtttttiadnaticsffi U or 
e«yuivalcnt to a datarraixiatioa ccodLwrtod substontizaiy an dsssjcriied 
in ths flfitM StanifeKJ Ttest Matbcad li 3904-60, CCUfihtd raw ahala in 
aanplAd tr/ rime-3plittijig. 'flm ciat^nidjmtion of tho eonojcit d£ c^il 
pluo gas ecn3iva.l«rt availabla- froD aU 5>«i3e is made by heating tto 
raw shale from antolant Cenperatutc bo 50Q -^C in cant aiuimnlnw- 
alloy retorta. The vapcwi^ diatUled firo tte £iaas>l« aca cociled ard 
tiia cxsnderiMd fractiai 1* cdlMrtaRd, Tha oU and water fractionfi 
arft oaparatad, th« ^ter voluuM (ooti^^tsrtod to eqaivaleot) ifi 

tftMSurad £md eubtractad iTrcio d» oil pliac Mator waigfat, XTie wa.l^. 
of unoondonaabla ^aiaaK crolved (gass^lus-loas) la than caioiUted 
by dafferKnoe. ihs gjaid**, a» vmd in tl» -gracte tijooes thickness in 
ttiertree o£ oil €iiiaie« prcduc*, ia tte gall™ of oil plus 
Itydrocarbon <^ha eqoivalant carrosponding to tJ» total ^qht of mJ. 
pluB hydrcxrarbcD gas cvol'/ed by the haadj^. 

•Eha walla are oociflpleted Into tiia treatiwnt interval ajid are 
arra}ic(cd ti5 jstovixJa at l^at a» each o£ heat-lnjttjtlnj and fiuid- 
proiuciruj wUa Iiflvliiq towhcdofl \*faich, aobatimtiaily tteoughout; 
tlyj troatfflott Interval, are aubatafiti^ly pariOlol jand ato 
saparated by snAsttaaaUally equal diiitaaott of at l«9t ^Ijoot « m. 
Ix> eccii J»at-irr|«cfcing »»U, gubMiitlallv tiMOU^hOit tba tT c a tngi iL 
interval, t>:o waU-«urroandiT^ fmcm of i*c oil stele f .^ .» ^»-i^ it 
9ea3ed ^dth a soUd itatorlal ard/ot cmmmt vhLch is relatively hsat 
oarxare:ti\'w awX aiJStaDtiftlly fluid irnp^ate^sln^ In each fluid- 
prtxJiffiing w»U, 3«4aitwiCially throucfbaut tho txnbxBnt intarval, 
fluid oantonixDation ia ^flfcabUsiMsd boteaactf) tha wall bnrrfmla and 
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tiiD qU fannatitaj anj the v»7.l. ia arxaiigocl lor pawJucinty 

nuid iron tha oU ^^Mo famatdxm. T^ie interii^ ol each. 
hCflt-inj«±irg t»»31 is hoartcd, at least sii,Btaii*:iaUv Uiwa^t 
til© trcbtamrit ijit«rv»l, at a latc or rateij capable of (a) 
xncrBaslng tJia teitpwnfftoa wiehiii the boroholft intarinr to at least 
aL^yjt 600 'C aud fb) naintalnlng a fcorcholo interior tfTipsratiire of 
at least atoat 600 •C withoot cawing it to bQccou high enc^^gb tn 
thc-niinlly damage aqulpmeut withi/i tfaii bcmhole vhll« t3ie rate &t 
«hi<^ boat lA gener^rted in the bortthole ia «ab«tBDt3>a3ly equal to 
that permitted ijy tlw hsaat ocw^tivity of the oil bhal* fottiefcion. 

In a pirBf^rr«d eiitodlitoit of the prej«it prooess, tha. ntatariol 
for dOAlijig tha face of Ulwi oil fihalu ftsrraatinn along the bor^lo 
Of at Ififljt Qoa btot-inji9crtang wcH la a ckjis^ hottrm rasrlng 
cjroiTt^S bv' ocsQffit axxmnj^ to f i U subctaatially ail ty£ tha apa:x» 
batwaan each outemwit uiitnllic elcmic pns3cnt wltJiin the Ixstoriiar 
of ths? bottthoia the adjaccttt £acA of tha oil gh^ia fc«nBtian. 
with aaid ciaraant having a WwrmL oondcctivity at loant 
eiabptantlally aa hig^h as that oi ttie oU shala foraatian. 

DatwOTbiatlonc a» mada of variation with dopth iii tfaa 
ocMpoaitim and propartiflft of the oil deposit and. In a 
particularly pi:«f^xad prcccdtM, baaod on th« variation with depth 
in «w hftat ooDdtctivity of th* oil dacoait, tha haat- 

iirjecting vfsii;, axe l>aatfid so that relatively hi^>ar Ceapcratuiofi 
are applittd at dgptha ad:Jaoant to portiona of the oil ahaie dspoait 
in vduch tba heat oonductlvity i? relatively low. irt addition, or 
altarnatiTTBly* Ixi varlma aituationa, tha effective xadiva oif at 
iBaat cmc htot-in jocting wJU ia incroaaod by oraatirig an ^^^^^-^ 
portiCT of the well boacoaioia nod axtmSing heat-ooodactlng metal 
eJonaitta JScora vdthin the heated well interior to the *b11 ^ 
tlia axpvtded portion of tJki bcicdttle* 

Tha praaaot pxooesa la valuable for uaa idthlii a txaatn^nt 
intair\'al of oU ^>elii ^ich ocmtaijia otiier vaLiabla niiiaral^ auch m 
dajoCTiico and/or JoahooUte. tn w:h a aituation the ^coamt v^ooafifi 
criw<» a perweatoln kcdb »<hich la aelactively loe^ted^ withlii tlwi 
tTwitnent iabarvtd ood aisataiAially within ^ Jjonndarics of tho 
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pattotb ufiAJ for tte oil procJuction. Tha wswltanu pcnnMible 
Kone i.H a MEW fxan whicb aach o+Jxit tninc«l» can ha anliition^ 

In geoaral, tJie preaiicft invent ton ia applioabOii 
substatttially ajty siJtti:tjtuna>im oil -Oiali- i3eposdt ootoimr^ .m 
intervid of »ubifbmHmiy lijfttxnteabift dii sha3« whA<^ is 
aubataiM..lA.Uy frco erf nchlTe ia irurc than abrait 30 ttl thlcX, 

arid has «n adcqufttd: avera^a goade in gallanfi per tan (Pineher 
Assay) to give a grado-thickrieiw pnaaucfc ot about 900 or greatar* 
Ths Avoro^ griidR of ths hMbed ixitErvbi fOxruOd be gnwtcx tiian 
«bout 10 ffiiUot» par tern (Ptsdifflr Jyfisay) . vfithin tham limj;aticns, 
a hlpiiar gradc-iiiicknGSft fuftDduct U iiscrcaaingly d«iir«ibla if othar 
conditixana such a? cfepth mwiln ttja 

Tte ijiv*«iti£in vfiU new bo <atplali3ad in greater ci-tail wit^ 
inaf5Terce to the aoocxirinnying dtawiiigc, in whlciir 

F%iue 1 shows a pic* of nii«tiv« rate of nrfum (BR) for 1982 
US dollEna iiwesjted iii InstalUisg and Qpewtlng tto pnxofifi of tha 
proMnt ijw«itii», as a fimctloa of oil ehaZs grade-thicjoieaa 
CG>rrH) product, tcj pzaSoce ahido oil At its 1982 vaiw», 

FiguOT 2 illuatratttft a plot of thsrmal profliaa «t an 
dj&ervatian wlX roganUiig tci«CAritturea cnasur^ at *iifferent 
depth* (DS add tijwMi wiUun that i-rall. 

Figure 3 is a plot of th« radial thsarraal prQ£Ll£»a at tha 
ndx3dle of a b»ato(3 fonc art&r diifarHut tinaa of heating, 

rlgunj 4 ia a plot of thenml oaadhicti\dtia» r?n^i1fiti ^ 
pfijEpendicular to the boddljftg placea of an oU shale as a functloo 
of tenpcratuBft. 

PigMre 5 is a graph of Hacbmr Amy yiaid with <^rth (D) in 
antf abowa a haarUkd pooction of sidMacrraDfian oil fihalA. 

figures 6 atiJ 7 ax» plots of hortssomal and vortioal 
tHnpwaiture protUfifi within a hiiatad portion of subtaerranaan oU 
fil-iala fetnation. 

P±anr» 8 in a echeaatio iHttctratiiai of a partim of a *»Jt 
ccoplfltion arranqemit Jsaitablo for E^Wtising tha pcmassrt 
iiwenticffu 
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wil pautom ufi*^ .tor the oil prtyJhiotioru Th» r^wltant peruke 
r-oni? a zar» fixni which aodi otJw cnijrtcx^l. can ha aolntiorw 

In getwral, tJie prcaynt inv^aintion U appUoablCA ta 
suJ:>Btantia.Uy any 5Ubt^.m«m oil .^halj;^ itepofldt occtoimng an 
intervid of BUbirtarH«ny In^wjaftfidblft odU Rhaln which is 
3ubataiM.taliy frco of ircWle v»t^^ is iriirc than .ibniit 30 ta thi.c^, 
itfjd hag «u actoqiiatc auera^tt grade In gallonc par tuo tPinrfier 
Aficay) to cyive a gradQ-thicknAiw praJuct o< alco«t 900 or gn^iitar. 
Ths Avoro^ gruOm of the hwited intiarvni ^joalA be <preatca: tJian 
about iO gaUoMT pyr ton fPtsdier M8&y>. Within than llnittaUcns, 
a hiaj^m: crrade-thidoi&dft futodnct U increaoij^y dmiiriablB if othar 
cohditixaruf jiuch as ctepth rcoftin tha saim. 

Hlxa inv«ntUio vxll now be cxplaiiad in cpMater detail with, 
irefiefrwne to the aooansmying dnnrii^, in wlxichs 

Plijioa 1 ^Kws a plot of rvutiw lato of rctum (RRJ for 1982 
US dolLTza ixtuestea in Intodiing and oproiting tto proooofi of tha 
prosont invantun, an a fwictica of oil ahUa grado-thlcstacaa 
(G>flHl pccduct, to proaooB ifaalo oil «t it« IWl valwi, 

Figuie 2 illuflttratiift a plot of thsrmaa profUas at an 
ctosarvatlan v«ll j:agar(Sl)ig t&etemtatixxa naaran-d at difffesiwit 
ctepthft ID) and tintm vithin that wall. 

Pigure 3 is a plot of th« radial thannal profllckfl at tha 
ndiidla of a heated ranc altor dif farmt tinaa of heating. 

Flgurva 4 ia a plot of tt^enml oaicdacti\dtia» r"--^ii^ i and 
pcirpandioular to tl» boddlng pOanea of axi oU ghale as a function 
of tcopcrattac*. 

Figupa 5 is a graph of Pi^cfaKr Anxy yinid with <^th (D) in 
araJ aboi't* a hastsAd paction of sdxaerranoan oU atala. 

J igurcs & atd 7 ar» plc3t» of hortasoinal and vartiool 
tHnpacatwre prottles within a heated portion of s\a5tierrmaan oil 
al'iala ftnoBiition, 

PigiM 8 i« a echestttio iUufitratioa o£ a jy-^^ of a 
ccaplfltion azranciffrmt toL table fdr ptaotifiing tha gzrawt 
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tar 3toiri, Ljungstroaa taar)w» that tha in ^itu heating Mid 
pyroly^ijig ahoold ho in a portico of tJii. ^rr^ablo foxtneiticci 
which 15 vttitically <xmtig.K,ua to a^ll-£nturcunr«ct:ir.q fraoUu^ 
or ^ layer ?4xlch haa aiffenent goologicai character and ia 
P«niie^Le to flew of the fluid produ^.H of tbe heating tu: 

CootTiiri' to Uie Ijq^iicatiflna of sxich priin: twachinge ai:rt 
beliefs, AppUoant^ diaocworod tJ«t tha prcaenUy deKcribed 
cmductiw haatiug process is econanicmUy feasible u*w ij, a 
aii3»tantlaUv UtpftCTBable sutoterramMtti oil TM« ia not 

otovlcftia, particularly in viE« of tJie fact that th» pre^jwiL process 
uj»3 a rmicii larger well ^taiciiig than that usod in tha Swedi-sh 
pi-onew and tha preecayt pccccfis La ocwtetad hy heating th« 
iniflction wUs to t«p«ature« <i£ at J«i«t atcut 600 -^c ialtbaosh 
6€0 *C hoa bean said to b« oxiducj.^ to 9COnauicaJ3y untenable, 
heat-wastiijg, o^bthemlc rocctionj, ase the OU Shatl» SynpomniB 
Prrjcaedlngs mentlcin«d atoove) . 

^ iteana of l^zitory and field ta«t tm^ssaxest&ita aod 
inathamatdz^al ooctelA ctf tha pre«Dt procx^ 
tJiat vfhaa tbm ^133 aro ^xamd, oo(q>l»tod, and op^i^kted aa 
pnweutly <feaccifawa, the only re«3ion in v*hicfi heat energy ±a 
utilized 111 an endotWdc i-wction aocdnts to lea* ttem about U 
of tha ar*ia to hei heatod, and tha «nm^ lost that fari^i ia 
inaigiiif ioaitt- AippUcants have ueofiurad thn rate at whlcfa 
aubataiitially iitcttftoa^ia oU ^hala formtiana ax« heatod by 
ocDducti^dty, and haw d^tamdrea tha aaxint of hMtt xecjuir^ for 
pyroli-Blng korogan and thanBally ixnassuriaiog tha pyroly^ia 
product* to pnwwurcs oep^hlm of tectwrlTig a mlatiiyisly daap oil 
^ha:ba fornttbloa atsd ttemally dlsplacdug pyrolyai. prodnot- through 
tha tto-craated pemeability, 

^ data cbfcaojtaa by suds tn^xitemi^ in tte field acd in th, 
laboratory fann eiplo^iea In oalraOation. of powar ragaUa*- 
inanta, ooonanlcs, tint bo atart pnxaictiQn, pmj«=t a«atico. 
xaoant of proijctiQQ, atis., in aathflnattcal slmUationm that 
OQcrmiata with tho £loJd and l^ioratojy data and iixdicHta tha 
(n&^tttcSaa of 3Urt\ factors in iMpnct to a full soale pmcaav. 



11 



tha only «h»J* oil. i^rtxtuctum pxvo.^»» of «hf.ct. ..jvUcantn atro ^arm 
w)dch i3 c-^pabl* of cctxiarically obt^ing oil frcfl, a relativcdy 
Iw grade oil hhalc formatifm, soch aa ot» in whicH tha Pi^cto: 
Ase^ i« oiily 15 gal.ioii«> Or lasB r^r ton. Thim capability ca,. 
incrcasft tha petrole™ mw-rvca of a aigiviatemt propoirticti of the 
oil slyiic i^d« by a idctor of six. In acWicicn, ^iritii respect to 
prcr^jjsetc Xor wdKL^jrouiid mining and ttixlified in fcitii rutnrtUig al 
oil -HhnJe, the pi-«ii-nt pixxan Blgi>ifk«aitlv iJv^rcdsco tha amxint 
of ovaUohJ* rcBorarcM by eliaii^ting tJw naid for support 3>Ularii 
and iutarbimten between nrijxijtg zoiut* and by pcovlding a laeana £or 
treating snbfit^mtUUy all oi? a vezy thick 3.^er7Al of ail jjhalc. 

The pnescttt pmoess oan adrantivoouwly be ARjlicd to oil 
«hal^ fornaticn in which there i* jsignificant caniOTtratiai o£ d 
iniTwal s»JcAi <?a»!mtttt or naboolite. In 9udi a roonsitian the 
prociMw p:cfjii36ii a pexraablii zone f jcon ^Mj^ <^ a miiaal am fee 
rooovared, m addltionr the presoort procass ia particulArly 
a<JvantngficiMi iji coavartiiig <^jnit» to watDT-ajluble cco?)ounda irf 
ali^im {prxteablj rh-aimiina) «hidK have bten {krth ctenicttUy 
and phyeicaUy} node avMl/ible for scdution^iiTg to produoa the 
aluidniiim — an eaM^tlal nifltarial which is in short fw^ly wittiin 
the OrtitBd States. Id oontraat to mmy prwiou&ly proposed 
prxx»3ssofl, th- prooesi of the proaaait Im-^iOT roquirtt* laab- 
stonfciaUy no »«±ar, iiwolvea ininwwl lard diaruption/ and uon ba 
cociductHd with tnininai atroo^jharic pollution- 
Figure 1 8hPK9 the riilativB rata of return fior iS82 US dollar* 
inwisstBd in installing and operating tha pnjacnt proem in field 
a£5>l3ca.ttos that bam b«on matinaatijcttlly itoteU^d fran ^tii 
Qbtaii»»5 by field aod laboratory um»wmeDts. 
wrj^TPua 1 

A DiociAk a£ injwtiian and produotioo «arUi j-i drillad into an 
oa ^jhale fwsmfcUw 48 a in thickwaa with 170 a of o«erburtfeii- Uib 
avci-iiQ* oil gr&cte of the ijitari^ i» 20 oallottft pwr tan as ctetcr- 
iTilJMid by rtscbcr Amy* 

TSte «eU parttAm i!» a wvwMpot wit*i each haat inj«ctoc at 



-la- 
the ccjcror of a xoqalar hnxiygpn guiOTjncling a corrtxal pittaucinq 
wtOl. Th» spacing is 22*5 &i b-tueen producers anci ij^Jcctora. Thd 
pattatn ropnts with ptaauccra Kharirg tha ioj^ctnrfi in cash 
<nroc!tl£2n iind aantinua* to totm a fielfHrfidfii pattern capshle of 
proiincijftg d lAt^ qusntity of oU. tto IjiJector-tD-prnriucHr racio 
aiTiroacJiea 2 to 1 ib a Uxgm floJd. Tn Fbcanplci 1 th^ total oil 
PL-Ddi3ctix»» t3 23,000 bai«i« pwr day tlroagtojt t±io lUiu a£ tl*^ 
|3sroJ«ct* 

rn^ injecticn elecfcrlcal haabara arn tsrajnted into fii* 

foflcnatlon and otonoztad to ^ poirer sootOQ on tha &ar&cn. I'ha 
prcxfiictiorx waUs axe oqul«3Hil.witb ataiidatd oil field ptarpa for 
lifting thii ptoaocw^ oil to thft isurfaesu 1^ electriool injoctloai 
rftto in 3.23 X 10^ mw/v»U per day. Tt^ tentMrsture erf tNs 
injector* attaiiM 750 *C* '^8 prodoction wclia raocb a tenwinal 
tanpiHrature Of 30a •C aitmr y^a^tn of operatic©. Producrtiian 

over thlA perwS avexagtB 5-6 barralii/cky par vmll, with »» 
avoKsgo jauttwr gf actlvv t^odocing wolla balug frctt about 40flD to 
5000, float conaurttJtiian !• la x 10^ IMOAwuotI oi lixjuid oU 
prDioctloru 

Gowja prodocts oollccted Sram Ha jroiJucticn wella nay be 
uttad fer tm-^t» gwwatlon of cloctridty oc otfinr pjzposBa. Ha 
oH-^uiao potrolGUa which i* m> prodnood is sapcrlOT to ocat- 
ventionaUy retorted riuilA oil. Tat neUtiT?* rxta of xetam Tohii^ 
can be esqsocitBd txcm tb? iftwiicple 1 oltURtion la llluettatad by the 
"DC- 1" alttotiiin daHignation an Pl^nre I. 
>?(rtt^ 2 

A sarioa of in>ctioa and pr*3ducl5l<m wells are drilled into an 
oO. ahaio fomtloo 2^5 m in thickneaa with 300 m of owtourden* 
Tha a^teagv grade ot tba oi3. sJvaOo tnfcervaa l8 26 gallCM par tm 
an (ietermjTMd by Plsnber aa&ay. 

Ihn V9U pattern is tiie Kuna Mveor^ot d^ficarihdd is acanpla : 
exotpt tha apaciog isj 13.5 m bet«oen lallii iiw^fw^ ©f 22.5 n. notal 
prodocttlon la 25,000 bttrral«/dny tioaqhput tha UiSe of the project, 
the Injeotor to c^^oducar ratio still appraac^iM 2 to U rn tba 
weUdi tha beatm and i^oductlco eguipnant az« aimOar to those 
aNcrihed in y:»3Bplb U 
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'otji ftJcctricxtl xjijcctiao ratu l3 10. S3 x lo* BTOA«il paj- cl«y, 
•nui iiiiaction well tcuporatuzHH r«^i 750 'C and tbe p/mijctJxm 
weila j:Gach a fixva tcnccratiira of .lOD "C aner a ptcdLicticn life 
of 9-10 v^ii^. Prodocticn twwr tins period avaragas 42mI3 
barrel e./<V!iy per wll, with thm average rmix^t o± active pn:)rii»Tig 
wells beiJig abcut 600. heat ccissuiqptiDii 5.6 v lo^ miybanel 
of ii£^ud<3 oil procJLKXcL 

As in £xanpla gasecttt px^;duct» can ba \jsad for ccwjitu 
power 9caicr4ttiian or othear fjurpos^ anO tha liquid prr^Juct wiJJ )>o 
lilghar in quality tha« conventitxiaUy retortad sbala oil. Tba 
neXativw rata of rctvxn vAiich csn ba ewpacc^ is iUuiJtratcd by th« 
''ESC. 2" sltuatican dwiigjwbicci on Pi^Mr» 1^ 

Table 1 liftta ayibinntlons of oil, shale gradan, thic^cne^aes 
and (jrade-Chlcknoeg jjctductji Ti*ii<* at« gtsnmdiy auitabia for w« 
in th« praamit- prooeas. Ttnl rmlativ* pcDnitlonJl of stsOl rjradB 
thickmsftft jMducta vrith respect to tlM xelativa r»te!> of financial 
xetuCTi are illuattatftd by ttw ctesigDattionft "Ptttfartttd Jton^"(p,R,) 
&rxA "Eapw^iaUy fxeforrod Ranga* (B.P.p.j cn Figuru i. 



TftBlg 1 

c:!racte {gall opg/tDD^ T hijcicnesc lad Oradi x Thidawgg 

30 30 ^OO 

20 45 90O 

10 90 900 

Marts dB«irabl« gra^ thictocss figcatiplaa ara nhown as folla«j 

Grade fqalImH/tnn> lllictolQMl {tt) Grada x Thldcn<»sg 

30 150 4500 

?-5 60 1500 

^ 300 60)0 

13 «XI 9000 

^0 223 22S0 



let gnnasalr tha higher the ^r^bdc tblckittfta pmckict thti loraro 
Ja»irubla. pKBcUcal asjilicatiaD is LifnltKl only by ttw idbility 
to h§ixt thm (kttizvd irtt^rvea. 



Taste war» canductttl in an CQCcropplng an o.U shale 
fOQanfttiCKi which is typical of inj(l»t«i>tialLy itt^minm^hlm «v5 
relattvQiy thidc oil gMLc a^pottita. ThLrfceen boroholea were 
5 drilled to deptha bstweea 6 earid 12 m and w« mangod to piwida ^ 
pattern of beat-lnittctim, ctwrvatlon ajui iJbaid-procluction 'AtelU, 
with the boEcholrwi Using apccecl ^Oxwt 0*6 xn apirc in order to 
prcwid* a relatively n^dd aoEprUition of clata. Haat wan Injoatocl 
at a jrat« of abw 1000 wa±tfi par neti^ for five day*. After tbe 

30 heat-iTijcctlctfi wall tewjaraujr© had laached 450 'C, a tctt^aturu 
faJ.l-«<;f test run finr one day. 

Pi^ore 2 5howa the VKarticml t>jenDal profiltos in an <*>s93cvatiioa 
well, AS a functd^ of tlr»5. TIm djta fitted to a imthsnahicaT. 
TOi.ution <S66icribiiig the tcoiparatnr» dijitrilratljCDi arcucd a 

15 finite-length liiai mnrc^ iiisld© a Jtttdium of thgomal oandoctiTiQ' 
Cparallal to beddit»j) 3.25 t!r»VcBMec-*C aud thronal flDndacrtivity 
<pcgpc md .L<ai l a r > ^,2S JtctdJctk-aua^^C^ IVie epooiflc lieat capacity 
utilized in tt» caiicalartlcns vaa eoftyited firoa tJ» ttennal 
cjonductivity/ thenaail diff^vity, and awaga tniil^ tesity of 

20 ooc&a i^csTvered durlr^f drilling of tte wellft. Tha thracpl^'gicai 

prqpiSnrtifiB fcr the tha oil Uiala in whi* tho tttfttc uttx» cxindnct^ 
arQ sunmAclsad in T^ttOe 3 . 



Plgura 3 ahcxni radlftl ptofHe* ooR^ttd for cbe loiddla of the 
l»atod 20»» £cst TwudOTD baoting tlxiM (t) . At the end of a 
u tanttratuED buildm^ tBvt of 140.5 hours, tba avatH^v fbrratLoo 
toopeeaturo buLMau -tte ba&tflo: and observtttloi imH mba 120 



Initial HCSOnioir ^l^cqncLatiirv 
Fischer Agga^': 
nulX Density I 
Thannal Gif:&jelvltyi 
Specmc ticat Cat^adty: 



20 <jBllon/ton 
0*224 cal/gw «C 
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Figurs 4 shcvra a oocnpartscn of iab«ratcn-j,' waig«35 ^inrt fijeid 
clata AOati^/fj to Ww thamea oanauctivity pamllol tn a«3 
pc?rp(arKUcular to th« b-addanq planes of. the oil aJadci fbrrnation, am 
a function of taKpttraturo. Tha labaratoKy oamftttctivlty insofturifiditota 
5 were JiBdc am adjacaat sncpleti of cores frao the obacxvatioiii vjcU , 
iwing fwfce coTc^ out pftTAllAl to and tssv cut psrpeaxJlcular to tJto 
bedding piajw, A n-i trogc»ylatnDfipi^al:0 tMMi used to'elindnafij 
cwidati-cjo xBoctim* ThB sanplca wea» conctradi^cd In tfao vorticsa 
dixectlcn but wara fren to oNpoTidt radially^ After the 3snipli>g vtetfi 

10 treated to SOO *C, tJi» Mdial eKpanaion avarsg^d \.45%, flhown la 
tha figar-as^ the laboratory vaXudft £um in eKonllarrt agrwcamt with 
tiw valuaa cKop-ited f mre ths field datiu lha ttt»tii indicata that 
the thcinal octftdacstivity ia l/ymr tJte (3ir«ctiain pcrpMuHcailii^ tp 
tha l)eddlDg plana, becau^ kfttogwi layera havQ a lower oondoctivity 

i,s than th» dolaidta matrix. At teuperatures heiov iOO "C, the thaiu^il 
conductivity ist «»si«ntinily iaotnaplc, as cbservod tn tha fiold 
tests, att/ that ooooductivity bBocmm Incceasix^y anisotzcpic, a* 
th« knnTgen is rccoDved (at taipttrttturaa biitmn 300 and 400 and 
gan begins to oacaiy the 8G»cos batMMn th« l^ra* Abcwo 700 

20 both tha pariillel and s>&3^pendicular oca^ductlvlty ^ms^^amm aharply 
dus tD tha daocispcwitim of ttm dolomite and CTolatian of 00^. 

I'^hen a subtcxrajuMia oil shals fiornntian ia hs»tad ttv» oil 
ahalA (inqxsinds as tha tccqperature lrR:£rcia.fidd. Khen thd oil ^lale 
t«!Ht3uratur« raacha« m kwrigen ^lolyzin^ tenpoirattM {far cscBiti^^ 

2S fran abcot 27!i-325 *C} additional Axpansion farcas sxv g«watcd* 
The kerogen is ooravertal to £hxl6s cnprt»lo of cx^aapying a lar^ 
voluntt than tba kAtaqan, and anai ngids I»(xn© inc9:Bi»lxY9ly 
pceuucizaa vten tte teeiperature is Incr^aaad. Ad atsttt £Iuid 
i3anof>d ^md Km fluid ia haatad, hydraulically ix^docad fraotates 

30 £ozm vitl^ tho oil dis^ £onrotiat). 

Fiactuices ipdildi are bydrnulioally induced within svbtttrrafi&ao 
«ai-th fr i nn a tim a tow along planes porpewU^lar to the lea&fc <tf 
tha thTGa txincripal cnpnafiaive gUesses (l*e.y cxia vertical end 
two nutLsiUy pmcpandiaular harliwital txapjBW^vm strosw) 

.^S cxi«t tfithio ory siAjtarnxnean orth toxstiaa. Hbwsoer, whsx* tha 



ttytoiultc fracturefi tend to ha vortiLid, horiTwntRl fraciurea can 
btt fmniiecl bs^ Initi^^tii^q heatpd Ouido go tijat thm walU of d% 
vartical fractrucco axti lieufced unrtiJ they gwoll shut. Than, by 
liicKMi&izig tha fixtid injectUn prtt*j«um to greater lium twarbimiwi 
presaoro, horixontat fracture cai^ focn^ ?5udi processes for 
thcranaily iuducdrg thii foncwtion of harizoatal fractttrec by 
injeccuig cKtcmoily haobid and prescrartz*^. fimite are rlerorUxd in 
patarvta jwc* ag tJ\e dxwtt-niiotiarod US Patcat ito, 1,284, t» 
Patent Nb. 1,455,391 by C.S, Matth™, Vannrora and C.w. v^biek, 
and tffi Patent Cfo, 3,613,78S by P.J, Cl£»iw»ann. 

J^H>liCBnt3 hflv» xuair disaav-rol that whm ctdiirtiintiaUy 
ijt5«maWp »ibcerrariean oil s^uIm >iwring tbc prefiatiUy sf»cd£iad 
ccatoljaatJno of qxadn ar^ thloka»6 coociutrtlvely he&ttfd a» 
presccftiy QjecLfied^ a 7on» of paTfflVihiUty vu iSeu^lcped between 
weilfl withiii the oU abulB, Although tlie projsacit invantion not 
pr«ttu»^ on particular nttcbsniav, in the oourae of &xA a 
trcatarfint the haated oil sbalA b^vuvS mm thnggh it was aijjootfid 
to the abova-da»cxib«d type of proc«>*d for thwsally indocing the 
lonnatlon of horlasantfli fractoress, Sodx a batejft^ionr was not 
predictable, Rijioo tho pirtmtgot procesa iii csjorattrf wtthoot any 
iajactlflo of any fluid- It appear* that mAvbt^ tbe present jooocsa ia 
cporabiid within an iitpaniviabla oil f^uila, tb* in oitn genaratinn 
an^ dtq>laoa«att of haatad airf highly pressurizfid fluids oetajra at 
tbB tixnaa and to tbe exteasta rjaadod to fwca^seively extend and 
horiimtally fractwri^ i^vs^ mxcotfsiw portiona of tha oil shale, 
whsn tto99 pctftiond bemn oordijctiTOly hcatod. Ttia zona faaing 
heated appeaxa to undergo a zclativaly miidtonn, borixcffttal^ radial 
expansion tfitoogh tbo oii ahalap at ite rata set by tho thKniml 
cQoductivity of tha oil ^wde. m aacii miccHniva locat-icdi in vAiic*i 
a Xerogen pyxolyziiig to^qparaturB la raacJafl, Huias appaor to ba 
f nrmed, heated and ptwuriasad ao that adjatantially aiy vttrticnl 
f racturaa vjhirfi ora fornad witliin tha l^tad zona ar« siAiaocjuojitly 
cotivertod tu btarircntal frxrtures, 

AppUcacfta' taats djidicatad chat aiwtantially all of tba 
fluid lyrdysla paxxaucta of th» aU -itmU bended to ramin in or 
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rear tJio iix^tiona in i^ch tho^. w^c fomiad untiJ Uicy wtaitt 
<31fjplaccdr thiai=qh wtmaotlally toiTo^^^ fevctura, Iwto veils 
adjoiiiing tbo Ivsot-iniecLiTig wclL.. In ncMiuion, the fracto^ 
ii^diiciiig pressoro of fiuids dn tti* J^oriiatttal fractures app^ to 

taoved away fxom tha hotbMjt partinrus of tha baatad zone. 

HtTi». th» pn«Dt proccaa seem to driAw the rovi^vj of a zodo 
of k«ro9errwrQly--ai>9 teqpwraturcs tbrtiigb tt© oU aii&lfi 
Lciradi^tely betUud a za» of Jjx^Olzed froctacmg in which th. 
fracturfefl ar:«, or scx« b«ca»t, hcarjUontal fracturaa, Tto hcatiijg 
and fracturlijg scsnea seen to undttga * sabstaotlfilly anifoan. 
l^^oriicntai, ra<aiAl fis^tonaian throu* tha oil ;3hal«, uutU tba rone 
of rriicturiog rwdtoft a iocatAon (six* tfaa bor<Hioi» of h ^ 
productim viaii) frcn wJiich th« 03.I eyrolyai. prc4ucts ato 
witlidraaifli. 

In atidltimp appUnants have dlficwwwd tbrt. at lAiiifit t<i»m 
tha twecbunfe^ praa^ojra i« waU, tha 2cm of petrnpabdllt/ that i* 
crodtiri bet>w)n adjcwreot wall* iirtalna a significantly high <3)a^ 
of pcrxtt^ility after the toromthyn^ hsm ooolad. Thus it appears 
that, <3v«D if tha QveKtodari pr«6sii» i^ hi^, ^ atfpliccfticwv of 
tfj« preeent process ia capable ot fonaing a w^-intorrorais^iag 

In whixix th« paTOwribllity remaina high or cmi U xeafUly 
restOToa an injactJOT of fluid after anna or all of tha h«at ha. 
aiaaipated. And, the daqtam and Jroaticn of that pexroability oaii 
be ocjrxtralled Iji' coatXDlliiig tfaa rata of resaanaq ^i»4h fy^ ^h^ 
profSacijDg vjaila, 

Thtt data obtaaned by maiUMren:^? in field tasta of the type 
daHnx«53a i«x» ijiGluaive of: the thennal cowSuctivlty of tba 

oil a^iolA looraticn, the amoaat of oU JWXWcraMa by Pi«:±w 
aiialyiUa at varicoa doptha witiUn haate) intervale ol th^ oil ahale 
t«toT» and affcor h«ttijtg, tha iDsasurcnaot of the aaxtst of 
pyrDlyjjia i«o<tetfl foosMOrad, «/vd the IIX*. tthiia no oorananioatiod 
OKtfttad UiUaeii heat in^octoca and pcodaoera at taat etart-up, 
injccticna rt tta erd of the teat dwrawtrated thttt pvmble 
chamioLa had Bomad, resulta a£ standard engljttaiin^ 



la 



caJruJattow wrc ljxali:at5.v« Qf tho appUoabUity of a ccacppt of 
tha t.>'p9 cje-WTibwi abcvu to tha rwulbs obtaijtad b/ tha te«taf, 

Fi^joi^ 5 .1^; a gtAph of Fiactrftr Afvuy yields, tx-aa tha tar^ 
z<3iflo ij^ th» liald ne-it. ao a function depth n, 'ite heated 
im:erval ontandad f rem 4.2 to 6 Tim Hr,:id curve ahora the yiclrU 
bHfoiie the heating ti-«Btnwit and the- cla^ curv« rJraw« th» jields 
a£tj*r TTe*>3rtiiag uas acnplatwS, <?Tw yioldc baftoi and aftar wert? 
osRflitlally tha ci^nn crMddo tJtti beot^ interval. T3» vciisuixmmtB 
were tnadit oa o»dbh frod centre of tha pattem bofjOT heating 
dTxi an corofi about 13 cjn a^ay after hctttljjg. liiH variiitioraj %4udi 
are ap^ratit in thoaift yieicia are within the nonttal Lbnita ot 
aocuriicy for tha nwAJwrln^ of :sucfa ^falusB^ 

MlitiD thft hatitad interval tho Pisch^- Aasay yiej^ ffrops fira 
an aver^ of 20 gallOTi/tnn* before the tmst ta ieisa than 2 
g£aiana/tDn aftw ]«atlisij. Hja ratortJng ftfflciercy ^^thin tha 
pooceM eca^fi wan yw tetter than »Gl of TUdber Assay, 

Tte pattftni ttid Bxtent of t±o raoowy otsnf iatw ttre fact tMt 
litue oil lx>8t ovtar tha producajig luirlziaa thtoa^ vavtical 
fractur««. In addltitn, tha nniibwdfej' in retorting «tttci«Ki' 
through tha hasted zcdq, liidlrsrtea that tlwoal tonta vnro 
apprcKlntttftly uhIAscti over moat of tha haatad intwcv^a^ 

TDe unlioardty of tha tharrol froaits l6 even nttra wrent ia 
Pigiroa 6 aird 7. ntisy atew harixontal wid vertical totperature 
profiles oalrjuLitHd tor a wt of vertical lieatara in a fiv^!^ 
square paiitom. Ifae sat uaad in U» oalculatiotifl included ftmr heat 
injertf7i:!5 a«d one oontro prodooar (rot .rItpnix, but cmtorod batween 
the hoators itsaom oo ti» figqres) . Ea<A hcator uaa aasuiBd to 
?A ID long and haoted ab the j»ta of H14 WA». 

•ae ptofilxss ill yigura f, (grajrfiB of tcnporatur© variatl<»a 
^th diatmm froQ the hcfttaara) vera calculated along a liMlzartal 
Bogiioot I^Ij Khkdi aztendfl through tte tdd-pointa of haatara at 
nppoelce cormra of tMi flqnare* Figure 7 la a aUnllar ^rxph erf 
K^ofilea almsr * vertical ffii^not Ic^l^ on the axis of fiynnatcy of 
tha pattam. 

ajch calcnlaticna indicata that by tha tim retorting 



topperatura^, t27S-33.5 *C) ttrc r^Bchad at tha cenLr* of the i^^ittarn, 
iicro t)ian 87% of ita volun* has bocn omtvortiid vAiila only ^rixjut 
of the convQrtfld voluoi 1^6 h^ed to raoTD than 225 FUrthemnre. 
th9 calculaticna irjcZicnte that if the poMcx ia turnsd off or 
redDrsncS be«or<9 tbst Cttrttrtf i^acbaa a taiTpRt tCTpcrAtTitw sticti izs 
325 tJwi Jewlling off of tlaa tberaal tnanUa will cfcLll h^t th» 
oeaitre o£ tha pattern to retorting tac«>QMrtur9« «w3 wlU also 
reAjoa tho tefliperatura riw at the hoatisrd. Ifaia aDdl« qpcxatica 
can ensur.c that Lsm than 10» of tha heacecl w1ub» hurtaj to 
nt« than 325 'C* aM thua CftD XfkCraafiM tha thfrnnal efflcica^cy cd: 

Tn view of tha ehav^ taat rnnolts aid tho oolcaiatioiw haned 
cm thnan resolta, it Ofs^atu ttat, oai^ to ttw prinr t*icbing» 
^ bHUoia, tha .ijiitiaL ijnnpu:j3DaaMlity of an oil ahalG dk^lt 
bo utliifittd aa «m advantage, Ujc ixiitial iaperiBsability oanfij^ 
the fluids aaad Er^icturw within the wsU f^ttam, bIjicb oo 
P«TO^UitY flKlAt* unta thtt sQcw hetmen the hcnt-lnJectiDi^ and 
flaid-ta mri i yrifl gr ^llj tecaoe peoooattd a pattaro of heat-liidiiooi 
horizontal £r5ictw»9. 

la thd tjreaant paxeas, the xate at which huttt ia transmttad 
into the oil sbaO^f dacxsfiit ia atrongly Affected lay tho tcn^crarturo 
gradient hetiraCT a hKit-iJij«»tli5g wsll and the 3urronndiitg cartii 
formafcioa. In a prfif^xod Ecoooaora, tha datanttinatJaiia of 
variations trith diapth in tha conpcjaition and E^ppextlfi« of the oil 
ahaie depoait Aiicludft a dotominaHftf^ of the ^ttam of hesrt 
conductivity wiih dapth within the earth foraatima adjacent to tha 
JwAt-injacttng vaU. Sa^ad on such datattidjiatiana \Am tewp«ratur« 
to Wlil<i* At loaat ana haat-injacTtmg weU is heatad ax« arrongad to 
ba r^iiatlvely hi* at the deptfu at which tha heat oawloctivitics 
of tha adjacent «ar«i ftonatians are rolatlvQly low. Hvia tends to 
oauaft tha rata at uhid) hart i« traaawlttcd through Idia aarth 
femaatixma to b9 sttwtaiAlally nnifom nicog the axis ot tha 
):»at^tTr)actljig wU. Rsnn ptooK&iraa can ha utilized in order to 
prok'i^ hii^har t«rperntnpes in portiona o£ hoot in jartin^ wells 
aajaoant to aarth ftromtions of xolativaly low haat ctrfuctivity* 



For «x4inpl«. la vhioh ara b«iA9 h««ted by *l«,et*icai 

rsnlBtan,:,,, Rddltlofl.l r.aiatwit oleMata cm b« poaltloMa at 
th« location at nblch B,tra li,atin« 1« r«4,uirad, preterably with 
procautiooa b«ln9 taJtoo tft avot4 the cx«iitlon of Tgn-away hdt- 
»Pots" du. to ijicr.a»Hig t*ttp,rae»n^ turth«r incrtasio, the 
realataae* ud thus further laeraa.litg th* beatioa. for .jcampi,, 
a» tfeocrlbod la tha conniiooly asslgtiaif C«nsi<ll«ii patent application 
S«tial No. 498.854 lii.d Uoveaber 31, 1988, by P. VanMeuxs and 
C.F. Van Bmnond. In w«u> iMing heated by coabu.tion. more, or 
latsrer, or nor. beavUy Clr.d, buw,r eleMnts can b. paetttoned 
In eucb Io«ationa. 

Suitable detetaiD4bioaB ot conpoeitiooa «nd prepertiei 
ot the ninerala and/or or^anla ooaponente o« an oil ahale deposit 
and the v.ri,tloo» with deptb ia mch propertlea cw be nade by 
meaoB oC knoin veil logging, reaervotr eenpllng, and tbe itx. 
analytical ptoeedairee. the deterainatlone can utilize previoualy 
inaaaured geophyaieal or geocltemlcal data or laboratory or core 
analyaaa, stc. for esaa]^U, the varlatlOBa with depth in the heat 
conductivity of tbe adjacent Comatiobe cm be deteroined by 
oalcoiatione based oa the kioda and a«ounta of nateriala preaeat, 
*nd/or by ther-«l oonihicttvUy lo«iag »e*aureBeiitB, et«. ua 
Patent Ho, 3,M7,227 daaeribe. « logging tool ooatainjng a 
coBstant, output heat aouxae aod three teaperatura jor 
obtalnlag . log gt relative thenial eonduotivlty »ith depth. V9 
Patent vo. 3,a«j,iae deacxlbaa lodging ca.ed or open borehole, tor 
tenperature. spaditlo beat and theraal oooductlvlty, employing a 
constant aotyut heat aouree and three te«paratui:e aen^ora. us 



-20a- 63293-2743 
P»t«nt so. 3.854, 98» de«ctihM a logger Cor «.akln, atatlon 
Ki«««Dre]Bant« oi? thann«l conductivity by heatinu a <axi«tioa Cor a 
ti«. th« »«asurli>g tt,, rate at ifhlch th« te»p«xatur« d«ay, back 
to tta. ambUnt t*a}>«tat«r«. U8 Patont Bo. 3,9ai.ie7 doeerlb,. 
1099io9 thewal Ododnctlvitv of a eas.d by «i«4surin, th« 

t.ap«atur. the oasia, irau before and aft.r p«..iog a htatad 
prob» along ctx« vttll, 

Am indloata* abeva, oveo uith le upset to a <iv»-BpQt 
patt^ro in irhioli a .ln«]« £loid-prodaoln<, «aH Is aurrouodad toy 
ionx haat-injectlnj v.u«. aubatantlally an ot tbe lnter\'aniBg 

oil 
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Shale cai> fcoth retorted a/wl iiud» pHnr»abla, liow^, tha p^gent 
ijwenllon 15 preferably avl/aycd iji a ««xi«< oi aiitigtma sHv«n- 
CT thixteco-spot patterns — iii citluti^ oX which jatlainw 
(particulm-ly in th« tMi-tiserrs^^ot f^ttcm) tbc rctortiijg ratju ia 
significantly incarHafiad by having each tJAaid-prodOctog wll 
GUrroUDCiOCi by six or tV«sl\« hfiai±-in:)ectir^ V!eU,!». 

Ills wclla uacai in tl^ prGsscjit tTO^M ean >xa oxiplHbaLi by 
Bubatantialiy any mattejd ftjr oVi33ir^ a fcorebole into &ixVor 
qp^miisg ii iir.-«d*tin9 boir^-jJe Into tluta rxrantmication viih bhc 
subterranean oU shMa lomation to ui<id aa an oi4. ^thgiu 
fxaatroent Inrterval, ra «J*Ltian txi luivlug the s^jBcdiiiod iihwnaa oi' 
«iX]rAi£icsant oairantB of imbilB watt^Xt ^^dmess, and grade, of oil 
(il^, the iatArviil to which th* pir^fient pcw^isp, i, ^Ltcd stoilfi 
be oapahlc of ociaf inirig fluid art Itsoat BubBtanfcLally within the 
tJMiJiwrtt intervals at least in rtwpocft to AUc»diig no significant 
lfiaka9B Jnto cwerlyirxf kicatiora vtoa tho grosMti of tha fluid 
rewchit* proenB fTOOTOTB, and fractures the fooation within the 
treainiftit interval. Tt» bonriialBi] of mibUk cotpleted for uswt in the 
prc»Diit pcooQss ahoold bo iaibstaitUOly poi'siilal and osparatsd by 
subBtaiitiaJly di^tance^ of at least about 6 ro. DcoeJiole 

Eaparatkm difitancwtt bats^wn injectoTH and proancra of fxxx» rfmut 
9 to 30 m are particularly sult^dulo. BcaruhDle« free o£ deviatiana 
firm paralleJ. which cause variatlorw of more than about 20 per cent 
of tho wtll dl&tanoafl aiw partiuularly auit^la. 

m the heat-ij:ij«cUn9 wXls uijed in tt« present prooes»s, V-he 
conexit or oyuant-ltka nAterlal vdiicb is u»d to along thi> faoa 
of thft oil 5h».le ftOT»ticn iw preferaJjly wladvely hedt.-ccndnctive 
ajTd flubstantUlly fJuid-inperro^l*. Particularly pmferred «sr«nts 
fita BtablM at tiidVAtatores of at about 'C, a 

relatively themal conductiviti^aii relatively low p9aMd>ility, 
littio or no i*trlj*age, an adequate eiiee of p«q;«fcdlity a]\d good 
ctwRjcaJ resietanoe, etc. Ihe pemeabUity and diapoeiticn of tte 
sealing material ^wwJ,d pDco\'id8 a ml capable of preventing any 
significant awcxjnt of fluid flosf hetKW the interior at the 
tcnehJle ^jnd tha iacm of tlM oil nhal^ fbrraitian, so that tbii 
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LL-aiwffor of heal frcm tJ^r^ Wuii to the fcrmatlon is sHhntHntaally 
«nU«!jy owviuctioi^. 5^hcaai portions of iicat-injectixjg wajj 
borel^iA a» HfJwtJveJy incxeaj»d in dianKtcr near uppar and lowtei: 
cxtrciidtli^fi of thi trajrtinHnt iirterval, fqi- exan^>le, Jay undcr- 
rearoing, t}u5 dlAftjatars of th» incci»sEd portjcm* arv prBft:«-c*vly at 
.le«3t about U0% of Lhe i>aninai towdmlH diarawtw. Calciwu 
aiicdnata-bondea concrete9 aiui/cor CGatoottt oontnining aluwum- 
siliciitB ciggregates (or fine parLicJ.esJ are pftrticuLArly wxlttidjlo 
for use as soch fotsurtion fflcg-Maitng Jiwterxea.i, lican|J.lj&9 ot 
suitable cauents «nd ooncrGtefi Ijtcluda tte»a dcBctlhed in 
Intents mw^ as 3,375,232, 3,507,332 and 3,593,642. 

Pi^nw a abcvw a portloix of & htwit-injoctljiig i»xill botehDia, 
torelxjlo I, v*ilcb ia suitaJsiif^ for ua© in the present ii^visation 
13 located within a troottaHnt interval o± subterxaroia all shala 
aepoflit. T^orehDlc 1 ocntAina ttolaxigvd parti™, wjcJi aa particrfc© 2 
and 3, whai±i can t>e to^roA Jay ooDveutional proootorca siwih as 
undorz^aaaiAg durijjg driliirg, etc. A r-aeing 4 is shown poattioned 
within "die bort^Uila and nwimnriit d into plaoa lyith a ftuii*- 
iicpenneablo* Imt-ccodLictlw Jiarterial, eaih a» oswit* 

Within each erlarged borctolc portlxai, tho casiiig 4 ia 
equii^iHd vdth at ieaat of» bj»t^oanrtoctivo Tteual eleraeot, such as 
collar 6, oanftoirilJig mdlally ext6Dfliv« alamgita or ^icartio^ia, 
as flexible netal raeabers 7. such hcat-^xanductlvQ natcciaia fom 
relAtiveiy highly conductive patha finr oTnciucting heat frao within 
tho. Intorior of a borahcsift to fiubatantially tha wall of an (miargBd 
pcrticn at the boraiioljo, Q^Idft of aultabla hcat-oonAiCfttve netal 
ftZemKit« inclixlh cnatal wull (icratcherfl, tttrijaleav* XndB^MS, 
owTtKaiirors and ttw ll*» «acdt as a Hanamar-Lck mrbda^dtet, or 
Boltlok Torfachoodgr, at-ail^bie firoa B!iJcerliiw davialon of Bator OtU 
^ools OQf a tOl Bar S otartanilLfiwr a\*ailablj» ta» Antalcs^ Oil Tbol 
atvi Msn»fi«:turin9 Ccitpwy/ cto. 

With 871 arwi^mnt ctf the tj-pc sfacMn in Kigore B, at least to 
aofflo tixtutst, thB frant of hvit trvmttad away iroft a h«at- 
iujca:^tie^ wttll am b» apdi nara uoiibcm olonq ■ vartical liiw 
uworsing a layer of ralativaly Im hm^t ocftdactivity wittoit -dja 
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tty of Tnaintatnliiij a bi<jhur tanporai™ in this portiw of the 
vrt-n oUjacOT*. to that Layer. When a unLCoLW tMp«tatur» is 
mlntaiued wnt-Jun t*» ijxterlor of U^c t»rd»lA, th^ eartb fhrnatlcci 
face, alonrj ^xxA an «nIar9K3 portion of th© bontolo bcdciite l»atad 
to ^^ub«:|;<H5tiaaiy tlto sou: t«p«ra*ax. as tfa« ft5^i»Uoa tace along 
nflrcwer portims of tha bowifcolia. SW 1*h faoi of ctuj fonnatioa 
artjoinixig tte borehale is hoatod to t>» hi^wt t«fi«ratan> of arry 
pCartUan in tha fcxcnaUcn, iha teijppftjcAbUix-. grdaiimt extmriljig 
radiiiny iiway Jitro tbe €(n.larg^ paction of d» batO-bol« ia aUifted 
radially away Stan tlm bot^hoJ*?, 

rn genwral, tJ» beatlJKj of tha inturii^ of tha heat- Ipjncrtii^ 
v»ll can im aoccwt^liahed by substdntinUy soy typ* of tnatii^ 
device, Micb aa caitxaticn «nd/or elactrlcal type of bcatia:j 
olCTEDts, or tJttSe lika. >n» trnting eXeoBnt jtoiW estcnd 
wJtetantialXy tluouglicut ttaa Lufcilnwii ijit»«i (prwfarably 
tJinxjghaut iit It^t abojt »0 per oca^t of that intttrval) , sibarm a 
caTtxwftioti typ* Ijaotifig iilTOnt is uaed* a 9aa-firod heater ia 
pixiferrod. Tha f^I ^ c«id«^t« fi»r « contxwtian hMter Isucb ao 
watJwf! and oxygai] arc* praf erably aLtppliKi trcu^ separate 
condulta l«wJliT9 tlTOugn a heat focctuos^ftr in ^JbidO. thtt inconing 
fiuida ara hatLtmsA by the outflowing oootoatica products- Uio bumar 
iicoaing and Quid conduits of a ajriwation hmter: arv preferably 
in«tail«d vuthin a waU conduit OUch is Aurtcrjcidad by an anaalar 
apace that ia filled bj' the cement tor sealing to fa<» of tha oil 
shala. oaoarally EiiltablB typaa of gcwtoiation heaters ^rtUcft ccgld 
be arranged for use In t)te pcesaitt pcoo^oa are daacxihad in us 
Dtttsnts sQctx aa 2,670,803? 2,760,450 m\d 2^9M,270- 

An eiectrlcal r^tiLstanoe hoatcor ia porticulaiily suitabla for 
heatittg tha int«riar of a haat-iojacting wU in tba prcsmt 
prooese. A pluraiity of iccflataDoa olafianta ara pittfac^y oond. 
Tha maxBtanca alaraantsi cm be Bcwtad within car otttaiial to an 
intamal oonAiit or cod, or sdaply extflnded into the tcaohoOc «hMi 
the rauiatoRcaa ara axtttmal t», or ara fkae of a mppcsting 
altttttit, 8ucb aa a otandoit cr rad, tb^r aza jax&r^ly «ibedded in 
the cancat wlilcto scaia the faca of tto oU tfhala .^ir^vj tha 
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ti-CEtttwtnt hitMrvHl, Gftwi-RUy suit«A>io types of celectxical hiiiatarft 
vrfxic*> cculd bB oxrangwd fer u»» 5n ti» E^€2WDt proceiic a«» 
daBcriJx^d in US Patoite such 2,*72,445f 2,<iB4,06.1, 2,670,802? 
2,732,195 asvi 3,954,826, 

In vax-jcw iWTvolr situaUcns, portiot^ of an ciU nhaJii 
dcjjofeit which would, in 9fjnet.^a, he suitd^ic for uiA a« a tiwrimot 
interval, ao d5*(ic£ib«d in nm- painmt appUcatico, cnay h& p&xo»ated 
by nauurai freicturei* and/or pJiip«H of weOcnem. Guc*i relatxroiY 
wmJc rncis may xnid^rgo roLativdy long oxtiaiaicnB of varticai 
fracture* whan pxBiwurized fluido bsljtg dis$>l£io&3 aiiiay faun 
inlectlaa vnaU. ucau into ttnEft. This ngty raeult in csKljOTdiaj fluid 
pa*ftag9wiy9 Jx^-ond tJio apiaiinga into praluctlan w»llJt jhxVot into 
ii^ljiicant aquifi?ra c^.l© of CMffllnsr an infleair of ratia^ to no 
extunt dHtrijoHTftal t?\» oil iTOOvory process. 

WJ. hi!Mj diBucv«38d thart 80^^ prwMtxare fracture exUeriiKUais 
can b9 aETOidod by draiilrBg orti haatijx? "giwrd walla- vithiji auch 
rttOativfOy oil eJialo zcnag in location surroutding a f»ttom 
of Jtoot injw:tlii9 and fluid producing wUs Md/or in lo<2±iaOT 
iirtcrmittiant b.bMfD a hoit injactijig or Huid s^odudng well at)d 
ajT adjacsat agulfiar. Sisrii guaxii w^Uji at» f or oan(36uctively 
heatijigr Che adjoUHJig fcomatiOM ojbatantdaliy t^irogtxBit tha oil 
B>ial« interval bo ba treated to a bCMpeawrtaire which la too ior to 
ga&ify feignificant prqpartinn« erf th« oil ^Kal© wrganic cccpc^ients 
but is high ctjough to oaus* a f£i«ni£icant thannal copanman of 
radc. Mum tho«% toc)c5 axe Iwated the natural f raeturaa on? lojiA 
closed fl«d thtt fracturing cwiwl by thm apptoBKiving prasirariwd 
flnad-i (displaced away frcDi l»ftt-iji:Jactlng walla) taoda tn )3a 
llwdtod to hcrirontal £ractm»a ccnuantrated alcrig tha aides i^weat 
to thm hoat.-iTriacfcing walL-9. ^ro fliiid prcducltt? voUa ora 
losatod dobirtaDitiaUy hatuwrn tha haat-iirlactiiig veUa ani the 
guard wells, tlw fraoturao arc prttCiusantially nMMidKl into <"*«rw^ 
wlln, tte high fluid promjras axo qoiddy xac&icad by tlm 

P«**«:tion of the Utflowifiy fluid. 

1S» wtLuuiilmlng of 5«ch relatively ifealc re^crroir rocJo ie 
apt to be intlcatad hy an inflow of ui^tar into i^lla drUJed intD 
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such TDcka, g-aaral, tho natural fiiactiiKti^ c.mating o i^lirt^N-e 
««i*cne!w aivJ/or water inflcw can tiwa»31y oiost^ by a 
mlaav^y mild h^ing, a* bjog ew tha fractwco poroaity l9 Dot 
«C£« thto oiXTJt 5 par cwifu 
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C A I W S 

I . In a prooftM iji which oil is proctacad frm a ^gi^terxiirxian oil 
-Jala dt^^t ty wtending &t iuaat one each of haat-ir»jectij^g and 
f loiid-proJucinj into ttic dopMit, Cifitabli^jltg a hiiat- 

OQfftdut^w flul<»-ijnipeQrnw*>le tMurricr bstvsacm ti» iiitsrlor of oocii 
tl^-injcctlfig wll iuid tlM adjacmt dnpoait, «nd t)» biwtarig tlift 
Snto:if3T ot eaai heat-ijijecting wbU at a tacc«xatiira auffilcient to 
cjondactivftly bssat oil wale tero^pn and oauas jyrolysla i;)ttxbct» to 
fom CcnotiMa within tJm oU shale <tepo9it trhrou^ which tho 
pymlyaiA products aro diflplocnd into at laask aaa pnpdirtion well, 
an isi^TOVwnent for ehhandngr- th* uniftartity of the iazt fronts 
moving thioj^ tha oil alialo dcpoait, i«faicb ooapriasai 

drt«nninlng varlAtlona idtJi d«p(ii in tha ccnpcflitioa «M 
psqpcrtios of -dra oil shoXtt dqicait; 
ccopleting mid baat;-ljnj«ctijng and Huid-ptodLcing woil^ 
TOlactivBly iBto a troatuiGnt latarwa o£ oil Ahaia in which 
tha qU flhaXe d-po5it (a) 1» at least about 30 ro thick, fb) ia 
suft»tantiaUy InpaintBablB and free ot nobUe ^atw, <c> a 
ocavDOlUoa and 'tdild(Aftu6 Mch that ths pcodutTt of tl» axidtst^o 
Piachar Knmf cpr*:^ tlraw th» thicJmesa of tha treabwnt 
irtttttval iA at l«nt about 900, and (d) ttWfWfcy OTtaina 
oocgxaiiCTtA ce^^flbic o£ intflracting in a ftoodar arfwcing tha 
uniformity of a front of oanAjcttvoly trancalttod hoot, with 
aaid w^lii bftinQr omatg^A ao that, at Icwat 8LibatantiaiJ.y 
chrcoghaat aaid trwitnent intjerval, the v»U boraholaa are 
substantially ^irallckl aod am aaparixtmi by st^atntially 
eqcKi>. ai9taima of at least zdoout 6 n; and 
withiA tfaa iijtariar of aach hart^in^ctliu? mtnUining an 
awn^ ta aparat uiw fd^ich, aelectivaly along said traatmnt 
intoocvaU is at lAast about ^ ^c, hit ia not high ^sdu^ to 
theonlly domge ays^pncstt uithin thQ well, whUo beat ia 
belj:g traRsnitted away from the vdl at a xatao not sl^- 



Wcantrly fastor tJian that pa£ndtt«i by tha tharnal am- 
Axbivitdxs of the earth Ijamutitani adjituHfjt to ±km baatmS 
intarv*! vrithln tt» well. 
2. procnte of claim 3 in which, to the «:ctent. r^quirarl to 

l«op tJttt ratal at *Mch Jiaat is tranflfldttfi3 thrcngh th& oU *aT© 
deposit «\A>Btarrtlally uotionu alcaoii thu oxga of tha hooted int«rjal 
of thm heac-lir)actljfvg va&U, tbc taipttraturtt at vislch at 
leowt cm hwt-injoctingr wll is heated la raLati\'ely kiighar At 
ditpthif adjsGRnt to pcoctlorifl of Lhst ojJ. shala cteposit tn which the 
boat oonductivitiM nxm ralativaly Iomt* 
3- The pccccss of claia 1 in which tl» r^rte uf huoting tba 
iotwuiOT of at least on» tieat^iniccting well la varied to an eataA 
cauftirxf an affactiv. lav-ellin^ off of uH^e t^^uraJ. frott «> What 
rata <^ ^dvanca thrtxK^i tha oil 3hal« of tha thOT»l Cront 
ocatlraied at a4»tmtlally th^ sxifla riita whila tha iratft of iiicrwiaft 
of ttM t4ipyratvi:9 wlc*to tlw boreJiolo Is si^ificantly ixxkwcia. 
4. am pEODwn of claim 1 in ^ihich the h«at-j«J«cttn9 4ava 
fIuid-i?cDA«5ljig wlla aza arxtiax^ in a aarias c£ coitti^uoua 
patfcenw in lAlch ooch fliJddnmxSueliv waU is aucroud^ hy «t 
l«t four toat-ijrjecfcijasr wells. 

3* Tha jfroaaa of claiai 4 In wW.nh eacA fluidrE»xitlcing well is 
adrtoundad twalve Iteafc-in^'tus9 ,«iib. 

6. proowa of olalio L In lAUch tl» oil thalc «u»A3 la at 
laaat about 20 g^aionft par ten and tho grate-thida»OT proAict i«' 
at looat about 4500. 

7 . i^e process of claim I , coipriidjig the st^apa of 

in aKh haaft-inj«ctW9 walj r avtotantiaUy thccc^crat the 
treatmant Interval^ acaillng tbc faoo of the oil fonarticffl 
with a aolid natnriel ^OxLdti im xelatiiwly haat-ooodttctlva 
s^Hftantlally fluid bt^SfOxaaMm 

In at toast cna teatf-injectlDg wll ijKraaalny tha ef fectiw 
diwter of the bccDhoU in at least coa pcxtion of the tzaatnieDt 
intaarvttl nl aact»diA7 at laoat ooi htttraODtetive vtttal elA^ 
fKcn ^tiUn the imori o r of tht> borahola to naar the face of the 
ao-cnlargad porticn of tba bowstolej acd 

In each liuld-piodtciftg well, rab^^rrtlally tlrooghout tt« 
tteatiwt Intarval, ectabli3hln9 ^.uidl aDBiman.icatkjn toetMon the 
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bom and U» on siialD famatioa and azranging cha well i?or 
prndiionq Mtiirt frool ihe oil shaio fc«TOCi<ro. 

B. th* pxocmmm of claim 7 in y^c^ tha aatmdai SKilinj tl» faca 
of thsr qU fihjLU formation aiox^j th» bontel« ol: a l»irt-in j«otlog 
well L3 a oesnenA arranged to fill aubatantially all of the space 
betwwi the outomoftt iftj*tidlicf tflawmtft «ittiiu tho iuterlor of tiw 
hor^oi^ aiid fto» of oil sl^le foiHaoicio, wlciv saw oarn^mt 
hjivijvy a thftjuHl oOTAKTtivity at Jwert KV*«tafttUlly aa higb a» 
tbdt of tha oil (ihalto fbamatiisd. 

9, The prccow of clAitt L in whic^ at lew. era well Icx-^ted ia»r 
adgR of a pattern heat- Injecting «niJ f luiehproi^nsT wUh is 

axtttf^ b-ubBtantiaUy Uttoagtout tfaa tx«atejtt intarv^ hairt^d 
at a tfl0pQrirtM«> hi* vtKJc^ tD QDUAB Q tbannol BKponilng AJaJyor 
ccwprcsolvc ctrosaing of tho- iwSjaoajtt oartii faxnaUons hot Ixw 
erowgh tx> «voi^l aignittcant thwoOTl McbaJLimion of or^mic 
cou|juaunta of thtt cdl ahaia, 

10. 'Oic EaTODSfl of claiii 9 in i^cdi At loaat oje » 
£«fc«e<^tly bottted at aixot the taqxutttDie sclmod to: liic 
^eat3T^ of the heet-'lnjectiog wUa being otplcyad. 

lU ISie pircQeB- of clain 1 In which the isiell Ixsmkalm^ q£ said 
haat-irtjeytiiati isid £lnlcS prodmiiig mlLU m ttperatfid by 
Jiubstiintlally equal diofcwtoes of etooctt » to 30 m. 
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PWBftBHOTr AMD flnRBTORWWJT VKTOCH OH. 



intarval of oil B)iai», vdicice t]» Intorval I5 initially 
substantially HrponnDfltol* are! cw^tairo a aptcUiod gi»d« ard. 
thlckTiCOT ot oil ahala. Said iiiteoval in ccmtettoely hmt»l fcon 
h»tt^« ijiftftrd^a ^dslch aro kopt bottar iduM about (SCO *c and ana 
bcatod at a rate that kerogsn Eyroiysl* px«tet3 farmwl w.ttan 
t;h» oil craata and through btariamtal frafitaama Which 

«ii3ttQu«itly baooMQ ostandsd into fluidnsrcdjcliig woUg tiat ai« 
poaitlonad in flpadfiad LoaatijOTa* 



